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DY115-19、DY115-20 航次分离获得的 385 株酵母进行产油菌株的初筛，总共获
得 22 株产油酵母，其中 20 株来自西太平洋暖池区，2 株来自东太平洋多金属结
合区。所得产油酵母经葡萄糖摇瓶发酵培养后，采用有机溶剂法进行复筛，结果
显示除 6 株酵母外（油脂含量接近 20%），其余 16 株均为高产油脂酵母（油脂含
量 29.3 %-62.9 %）。 
通过 26SrDNA D1/D2 区的序列分析方法对 22 株高产酵母菌株进行分子鉴
定，并结合早期鉴定结果，对总共 110 株产油及非产油酵母进行了统计。结果显
示不同种类酵母在深海中分布数量存在较大差异，在所有检测到的 15 种酵母中，
相对数目分布较多的为  Candida parapsilosis 、 Debaryomyces hansenii 、 
Rhodosporidium paludigenum、Candida tropicalis。而筛选到得产油酵母仅分布于







除近平滑假丝酵母 2A00015 产油能力未发生太大变化外（油脂含量 40.81 %，油























株的培养基及发酵条件进行优化， 后确定培养基 佳氮源为硫酸铵， 优培养
基成份为糖蜜（总糖浓度）110 g/L,硫酸铵 1.0 g/L,酵母粉 0.8 g/L,磷酸二氢钾 0.5 
g/L,碳氮比为 137:1，相对油脂合成而言，糖蜜的浓度影响 大，其次分别为硫
酸铵和磷酸二氢钾，酵母粉的影响 小。 佳发酵条件包括，摇瓶装液量
50mL/250mL，接种量为 10 %，初始 pH 5.0，培养基盐度 30‰，培养温度 27℃。
另外，我们还考察 Mg 2+、Fe2+ ，Mn2+、Zn2+、Cu2+ 5 种金属离子对酵母油脂合
成的影响，结果显示除 Cu2+外，其他 4 种金属离子在一定浓度下均可提高油脂
含量。经过上述优化后得到菌体生物量和油脂产量分别为 15.28 g/L 、8.74 g/L，






%，油酸甲酯 32.18 %，硬脂肪酸甲酯 16.07 %，棕榈酸甲酯 4.01 %，花生烯酸甲
酯 3.2 %，其他 2.9 %。 



















In this paper, three hot topics of deep-sea microbes, biofuels, comprehensive 
utilization of waste materials were concerned. Oleaginous yeasts from deep sea were 
screened by using techniques of fluorescence observation and GC-MS, and 
microbio-diesel produced by molasses through fermentation technique was 
preliminary studied. The work was supported by “the Fundamental Research Funds 
for the State Oceanic Administration 2010009", and mainly done in the genetic and 
resources key laboratories of Third Institute of Oceanography. The results were 
obtained as following: 
The method of adding nile red directly to culture medium and observing the 
fluorescence of bacterial colonies in UV-light were used to screen oleaginous yeasts. 
Among the 385 strains of yeast isolated from deep see on the voyage of DY115-19 
and DY115-20, 22 yeast strains were found to have potential oil producing capacity, 
including 20 strains isolated from the western pacific warm pool and 2 strains isolated 
from the East pacific nodule province. The oleaginous yeast were re-screened by 
method of shaking flask fermentation of glucose and organic solvent extraction. The 
result showed that 16 strains of yeast were confirmed to have high yield of lipid（the 
content of lipid ranged from 29.3 % to 62.9 %）except for 6 strains, of which the 
content of lipid was close to 20 %.  
22 strains of lipid yeast were identified by 26S rDNA D1/D2 domain sequences 
analysis. Combined with other strains identified before, a total of 110 lipid and non 
lipid producing yeast strains were studied by statistical method. The results showed 
that the quantity of different yeasts distribute diversely in deep sea. Among the 15 
species of yeast identified, the dominant species was Candida parapsilosis,  
Debaryomyces hansenii, Rhodosporidium paludigenum, Candida tropicalis.  
However , 16 strains of oleaginous yeast only belonged to 6 species, and the most 
dominant species was Candida viswanathii, the second dominant was 















yeast from deep sea was in conformity with common oleaginous yeast, but the species 
distribution was more narrow. 
Considering the lipid production cost, it is of profound significance to look for the 
usable low-cost high-yield lipid substrate. In this paper glucose and the low-cost 
molasses were chosen as the carbon source and we compared the lipid productive 
performance of the 16 oleaginous yeasts in two different culture medium. The result 
showed that all the yeasts kept a steady lipid productive performance in the glucose 
culture medium and the lipid content was identical to that in re-screening.    
However, in the molasses culture medium, most of the yeast strains were eugonic, but 
the lipid content was greatly decreased(less than 30 %), except that the lipid 
productive performance of Candida parapsilosis 2A00015 varies little (with lipid 
content 40.81 %,  lipid coefficient 10.93). It indicated that there was a certain factor 
in the molasses which hindered the oil synthesis of most yeasts. And it was probable 
that there was a special oil metabolism in yeast 2A00015 or a special substance was 
generated to resist the influence of negative factor. Therefore, this yeast shall  be 
chosen as the test strain in the future wider culture.   
   Since it is time-consuming and requires large quantity of organic solvent in 
traditional organic extraction process. Besides, it is easy to cause environmental 
pollution. Therefore, before optimizing the molasses culture medium and culture 
condition, basing on the test strain yeast 2A00015, we established a set of simple 
method to determine the lipid content by using the Nile red characteristic. The relative 
fluorescence intensity obtained by this method was positively correlated with the oil 
content obtained by weight method(R2=0.9608). Based on the lipid determination 
method above, combined orthogonal design and single-factor test, we had optimized 
culture medium and yeast condition of yeast strain 2A00015. It was finally confirmed 
that the best nitrogen source of culture medium was ammonium sulfate; the best 
culture medium content was molasses(with total sugar concentration 110 g/L, 
ammonium sulfate 1.0 g/L, yeast powder 0.8g/L, Potassium dihydrogen phosphate 0.5 
g/L, carbon nitrogen ratio 137:1). For the oil synthesis, the biggest factor was 















the smallest was yeast powder. The optimum cultural condition concludes: shake flask 
volume 50mL/250mL, inoculation amount 10 %, initial PH 5.0, culture salinity 30 %, 
cultural temperature 27℃. In addition, we had investigated the influence of metal ion 
Mg 2+, Fe2+ , Mn2+, Zn2+ and Cu2+ on oil synthesis. The result showed that, except for 
the Cu2+, the other 4 metal ion were able to improve the oil content under certain 
concentration. Under these optimized conditions, the biomass and lipid production of 
yeast strain 2A00015 respectvely reached 15.28 g/L and 8.74g/L, which was 
improved by 35.94 % and 90.4 % comparied with original conditions.  
The technology of oil extraction and biodiesel production were also preliminary 
studied in this paper. The method of freeze-melt & acid-heating（little  volume 
sample）and high pressure homogenizer (large volume sample)  were confirmed the 
best way of cell-breaking. And the mixed solvent of chloroform-methanol (2:1) was 
confirmed the best solvent of oil extraction. In the  process of biodiesel synthesis 
catalyzed by ionic liquids , the effect of molar ratio of methanol to oil, as well as the 
amount of catalyst, reaction time ,and temperature was investigated. The 
composition of biodiesel was analyzed by GC-MS，and the main constituents was 
methyl linoleate 40.98 %，methyl oleate 32.18 %,  methyl stearate 16.07 %，methyl 
palmitate 4.01 %，palmitic acid methyl ester 33.2%, arachidonic acid methyl ester 3.2 
% and others 2.9 %. 
 
















1.  绪论 
1.1  生物柴油 












有毒有机物排放量仅为 10 %，颗粒物为 20 %，SO2 排放量为 70 % ，CO 排放
量为 10 %，排放指标可满足欧洲Ⅱ和Ⅲ排放标准。纯生物柴油 CO2 排放量比柴
油减少 78.45 %，每年可减少 1105 吨 CO2 排放，从而减少了“温室效应”。生物柴
油基本无毒、可生物降解，实验表明水中的生物柴油 3 天内可以降解 70-80 %左
右，而在相同条件下，矿物柴油仅能降解 30 %[2,3]。另外生物柴油还具有冷凝点
低、润滑性好，闪点高、储存运输安全等特点[4,5]。 
1.1.2  生物柴油研究现状 
















大利等国从 20 世纪 70 年代开始相继成立了专门的生物柴油研究机构，并投入了
大量的人力物力[6]。 
美国是 早研究生物柴油的国家，从上世纪 90 年代初就开始生产生物柴油，
到 2006 年，总生产能力达到 180 万吨/年，并计划在 2011 年生物柴油生产 115









德国是欧盟主要的生物柴油生产国之一， 2000 初生物柴油产量达到 45 万






般以餐饮废油为原料制备生物柴油，目前，日本的生物柴油年产量达到 40 万吨。 
近年来，各国为了加快生物液体燃料发展，纷纷制定或重新修订了液体生物
燃料发展目标[10]，见表 1-3。 
表 1-3  世界主要国家生物柴油发展目标及主要原料 
Table.1  Gargets of biodiesel development and main feedstock in main countries 
in the world 
国家或地区 生物柴油发展目标 主要原料 
欧盟 2010 年占交通所用能源的
5.75 %；2020 年 10 %（其中
80 %为生物柴油） 
油菜籽 















法国 2010 年 7 % 油菜籽 
意大利 2010 年 5 % 油菜籽 
美国 2009 年 19 亿 L；2016 年 38
亿 L 
大豆、动物油 
巴西 2008 年占交通柴油用量的 2 
%；2013 年达到 5 % 
大豆、蓖麻籽 
印度 2007 年占交通柴油用量的 5 
%；2012 年达到 20 % 
麻疯树油 
马来西亚 2008 年占交通柴油用量的 5 
% 
棕榈油 
泰国 2011 年占交通柴油用量的 3 
% 
麻疯树油、棕榈油 
菲律宾 2008 年占交通柴油用量的 1 
%；2011 年达到 2 % 
椰子 
 








表 1-4  部分国家生物柴油标准 
Tab.1-4  Standard of biodiesel 
标准/规范 德国 美国 法国 意大利 瑞典 捷克 澳大利
亚 
生效日期 1997-9 1999-7 1997-9 1997-9 1996-11 1998-9 1997-7
产品名称 FAME FAME VOME VOME VOME RME FAME 








粘度(40 ) mm℃ 2/s 3.5-5.0 1.9~6.0 3.5~5.0 3.5~5.
0 
3.5~5.0 3.5~5.0 3.5-5.0
馏程(95％)℃ - - ＜360 ＜360 - - - 
闪点 ℃ >110 >100 ＞100 ＞100 ＞100 ＞110 >100 
冷滤点(CFPP)℃ 0/-10/-
20 















硫含量% <0.01 ＜0.05 - ＜0.01 ＜0.001 ＜0.02 <0.02 
焦化值 100％(CCR)% <0.05 ＜0.05    ＜0.05 <0.05 
灰分含量(硫酸盐) % <0.03 ＜0.02 - - - ＜0.02 <0.02 
灰分含量(氧化物) % - - - ＜0.01 ＜0.01 - - 
水份含量 mg/kg <300 ＜
0.05% 
＜200 ＜300 ＜300 ＜500 - 
总杂质含量 mg/kg <20 - - ＜20 ＜20 ＜24 - 
铜的腐蚀效能(50℃时 
3h 腐蚀程度) 
1 ＜3 - - - 1 - 
十六烷值 >49 ＞10 ＞48 - ＞48 ＞48 >49 
中和值 mgKOH/g <0.5 ＜0.8 ＜0.5 ＜0.5 ＜0.5 ＜0.5 <0.8 
甲醇含量 % <0.3 - - ＜0.3 ＜0.3 - <0.20 
甲酯含量 % - - - ＞98 ＞98 - - 
单甘酯 % <0.8 - - ＜0.8 ＜0.8 - - 
二甘酯 % <0.4 - - ＜0.2 ＜0.1 - - 
三甘酯 % <0.4 - - ＜0.1 ＜0.1 - - 
游离甘油 % <0.02 ＜0.02 ＜0.02 ＜0.05 ＜0.02 ＜0.02 <0.02 
总甘油 % <0.25 ＜0.24 ＜0.24 - - ＜0.24 <0.24 
碘值 <115 - - - ＜125 - <120 
磷含量 mg/kg <10  ＜20 ＜10 ＜10 ＜20 <20 
碱含量(Na+K) mg/kg <5  ＜10 - ＜10 ＜10 - 
注：RME：菜籽油甲酯，FAME：脂肪酸甲酯，VOME：植物油甲酯。 
1.1.2.2  我国生物柴油研究现状 
我国是世界第二大能源消耗国，过去 10 年里，我国原油产量年均增长率仅
为 1.8 %，但石油消费平均增长速率达到 4.9 %，据估算，2009 年我国共使用 27.4


























8000~10000 吨，而四川古杉集团建成了年产 3 万吨的生物柴油工厂。 
















































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
